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The tetrahydropyranylation is one of the most fre- 
quently used processes to protect hydroxyl groups.' 
Because of the remarkable stability of tetrahydropyranyl 
ethers toward a variety of conditions, such as strongly 
basic media, reactions involving Grignard reagents and 
lithium alkyls, reduction with hydride, oxidation, oxida- 
tive alkylation, and acylation reactions etc., tetrahydro- 
pyranylation is one of the methods of choice to protect a 
hydroxyl group in a multistep organic synthesis.2 A 
variety of reagents1 have been developed for the tetrahy- 
dropyranylation of alcohols which include mainly protic 
acids (hydrochloric acid and p-toluenesulfonic acid), 
Lewis acids (BF3-OEt2, aluminum sulfate on silica gel,3 
pyridinium p-toluenesulfonate, and bis(trimethylsily1)- 
sulfate), ion-exchange resins (amberlyst H-X4 and Nafion- 
Hs), clay material (montmorillonite K-102 and H-Y zeo- 
lite6) as well as other miscellaneous catalysts7 such as 
DDQ,7a p-toluenesulfonates,7 and charcoal,' etc. Al- 
though these methods are satisfactory for many mol- 
ecules, they can have limitations when applied to complex 
molecules containing acid-sensitive functionalities and 
more than one hydroxyl group. Thus there is a need for 
mild and efficient alternative for protection of hydroxyl 
group as a THP ether. As a part of our continued efforts 
to utilize surface-mediated reactions for useful synthetic 
transformations8 we have recently introduced a technique 
to tune the acidity of a Lewis acid by impregnating it in 
a suitable adsorbent. Thus, ZnClz supported on alumina 
has been successfully employed in the Mukaiyama Michael 
addition of silyl enol and dienol ethers with alkyl vinyl 
ketonesf,' avoiding polymerization of methyl vinyl ketone, 
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usually associated with reactions catalyzed by ZnClz and 
other Lewis acids. We wish to disclose here another 
useful application of ZnClz-impregnated alumina for 
tetrahydropyranylation of alcohols through a simple 
solvent free reaction (Scheme 1). 

In a typical reaction, a mixture of the alcohol and 3,4- 
dihydro-W-pyran was added to the solid surface of 
alumina impregnated with anhydrous zinc chloride under 
stirring. After the reaction was complete, the product 
was isolated by simple elution of the solid mass by 
methylene chloride and evaporation of solvent. A wide 
range of hydroxy compounds were converted to the 
corresponding THP ethers in high yields by this proce- 
dure. The results are presented in Table 1. The reac- 
tions are reasonably fast; even the bulky molecules like 
I-menthol (entry 6) and cholesterol (entry 7) which 
required days to be completed by many conventional 
methods are found to give satisfactory yields in few hours 
stirring at room temperature. The reaction conditions 
are mild enough not to induce any isomerization of double 
or triple bonds during tetrahydropyranylation of allylic 
and propargylic alcohols (entries 8 and 9). The acid- 
sensitive functionalities such as ketal, methoxy, and 
carboxylic ester are also safe under this procedure 
(entries 12-15). One notable achievement of this reagent 
system is the selective monotetrahydropyranylation of 
1,n-diols (entries 10 and l l ) ,  which is very difficult to 
achieve with common  reagent^.^ 

Interestingly, reactions catalyzed by zinc chloride alone 
in the absence of alumina in THF or on the alumina 
surface (dry medium) without zinc chloride are sluggish. 
On the other hand, when the reaction is carried out in 
solvent (CH2C12 or THF) under identical conditions with 
ZnClz-impregnated alumina the progress of tetrahydro- 
pyranylation is practically nil. Thus, a combination of 
the solid surface of alumina and zinc chloride with 
absence of solvent is essential for a satisfactory reaction. 
Although the precise role of the dry surface of alumina 
to effect this reaction so efficiently is yet to be deter- 
mined, this clearly demonstrates a novel and potential 
facet of surface-mediated solid phase r e a ~ t i o n . ~  

In conclusion, the present method provides a useful 
alternative to the preparation of tetrahydropyranyl ethers 
from alcohols. The notable advantages of this methodol- 
ogy are mild conditions (room temperature), fast reaction 
time (10 min to 7 h), tolerance to a wide range of 
functionalities, selectivity for 1,n-diols, no aqueous work- 
up, low cost (alumina can be recycled after being reac- 
tivated), and high yield (75-90%). We believe this will 
serve as a useful addition to modern organic synthetic 
methodologies. 

Experimental Section 
General. General informations regarding instruments and 

techniques used are the same as mentioned in our earlier 

(9) (a) Kodomari, M.; Sakamoto, T.; Yoshitomi, S. J. Chem. SOC., 
Chem. Commun. 1990,701. (b) Ranu, B. C.; Das, A. R. J. Org. Chem. 
1991,56,4796. (c) Mehta, G.; Khan, F. A.; Lakshmi, K. A. Tetrahedron 
Lett. 1992,33, 7977. (d) Toda, F. Synlett 1993, 303. (e) Kropp, P. J.; 
Daus, K. A.; Tubergren, M. W.; Kepler, K. D.; Wilson, V. P.; Craig, S. 
L.; Baillargeon, M. M.; Breton, G. W. J. Am. Chem. SOC. 1993, 115, 
3071. 

(10) Eliel, E. L; Nowak, B. E.; Daignault, R. A.; Badding, V. G. J. 
Org. Chem. 1965,30,2441. 

(11) Quivoron, C.; Neel, J. Compt. Rend. 1966, 260, 867; Chem. 
Abstr. 1966, 62, 10317d. 

(12) Boom, J. H. V.; Herschied, J. D. M.; Reese, C. B. Synthesis 1973, 
169. 

0022-326319411959-8269$04.50/0 0 1994 American Chemical Society 



8270 J. Org. Chem., Vol. 59, No. 26, 1994 

Scheme 1 

A120gnC12 J2 RO 
'OH + Q r t  * 

Table 1. Tetrahydropyranylation of Alcohols on the 
Surface of Alumina Impregnated with ZnCla 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

13 

14 

15 

yield (%) of 
entry alcohol time THP ethersa 

n-hexanol 15 min 901" 
benzyl alcohol 
tetrahydrofurfuryl alcohol 
cyclohexanol 
2-propanol 
I-menthol 
cholesterol 
allylic alcohol 
propargylic alcohol 
1,a-ethanediol 
1,3-propanediol 

VMe CH*OH 

6.. CH20H 

6 C02Et Me 

OH 

0 - M e  C02Et 

10 min 
30 min 
2 h  
2 h  
5.5 h 
7 h  
15 min 
10 min 
30 minb 
30 minb 
30 min 

30 min 

8g2 
9011 

822 
887d 
8212 
852 
874 
783 
753 
84 

83W 

80 

4 h  80 

3 h  83 

a All yields refer to pure isolated products, fully characterized 
by IR and 'H NMR. The reaction was run at 0-5 "C. 

paper.I3 Elemental analyses were performed by Mr. S. Sarkar 
of this laboratory. 

Alumina (acidic, Brockmann activity, grade 1 for column 
chromatography, SRL, India) was activated by heating at 200 
"C for 4 h under vacuum followed by cooling under Nz and was 
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Notes 

used for all the reactions. (Activated alumina can be stored 
under Nz for 1 week for subsequent uses without much loss of 
activity.) Petroleum ether refers to the fraction boiling between 
60 and 80 "C. 

The alcohols used for tetrahydropyranylation are mostly 
commercial materials and were purified by distillation or 
recrystallization before use. A few were obtained by standard 
manipulations from known carbonyl compounds. 

General Procedure for Tetrahydropyranylation. Rep. 
resentative Procedure. Activated alumina (1.1 g, 10 times 
the weight of alcohol used) was stirred with a solution of 
anhydrous zinc chloride (150 mg, 1.1 mmol, Fluka) in THF (2 
mL) for 5 min after which the excess THF was removed under 
reduced pressure to furnish ZnClz-impregnated alumina as a 
white powder. This reagent (it can be stored under nitrogen 
for a few days, if necessary, without loss of activity) was then 
added to a stirred mixture of benzyl alcohol (108 mg, 1 mmol) 
and 3,4-dihydro-W-pyran (92 mg, 1.1 mmol), and stirring was 
continued at  room temperature (28 "C) for 10 min (Table 1) as 
required for completion (monitored by TLC). The solid mass was 
then eluted with methylene chloride (25 mL), and the extract 
was evaporated to afford the crude product. This was further 
purified by filtering it through a short column of silica gel (eluted 
with petroleum ether) to produce the pure THP ether (170 mg, 
89%). 

The THP ethers are mostly known compounds and were 
characterized easily by comparison with authentic samples (IR, 
1H NMR, mp). However, spectral and analytical data of a few 
new compounds are given below, designated by their entries in 
Table 1. 
12: lH NMR 6 0.95 (3H, d, J = 6 Hz), 1.0-2.2 (lOH, m), 3.0- 

4.1 (8H, m with a singlet at  3.83),4.5 (lH, broad). Anal. Calcd 
for C&2604: C, 66.63; H, 9.69. Found: C, 66.37; H, 9.54. 
13: lH NMR 6 0.96 (3H, d, J = 6 Hz), 1.1-2.16 (14H, m), 

2.83-4.0 (8H, m with a singlet at 3.31, 4.5 (lH, broad). Anal. 
Calcd for C19H260s: C, 75.46; H, 8.67. Found: C, 75.31; H, 8.78. 

14: IR (CHCl3) 1725 cm-1; 1H NMR 6 1.30 (3H, t, J = 7 Hz), 
1.13-2.56 (14H, m), 3.26-3.88 (3H, m), 4.13 (2H, q, J = 7 Hz), 
4.66 (lH, broad), 5.6 (lH, broad). Anal. Calcd for C16H~04: C, 
67.13; H, 9.02. Found: C, 67.28; H, 9.12. 
16: IR (CHC13) 1730 cm-1; 1H NMR 6 1.01 (3H, d, J = 6 Hz), 

1.25 (3H, t, J = 7 Hz), 1.4-2.72 (14H, m), 3.10-3.38 (3H, m), 
4.08 (2H, q, J = 7 Hz), 4.7 and 4.8 (lH, broad). Anal. Calcd for 
C1&h&4: C, 66.63; H, 9.69. Found: C, 66.45; H, 9.72. 

Although the results reported in Table 1 were based on 1 
mmol scale reactions, gram-scale reactions also afforded the 
corresponding products in analogously good yields. 
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